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Measurement of the Polarized Structure Function ctlt' for p(e, e'7r+)n in the A(1232) 

Resonance Region 
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The polarized longitudinal-transverse structure function ai^T' has been measured using the 
p(e, e'7r^)n reaction in the A(1232) resonance region at — 0.40 and 0.65 GeV^. No previous ctj^t' 
data exist for this reaction channel. The kinematically complete experiment was performed at Jef- 
ferson Lab with the CEBAF Large Acceptance Spectrometer (CLAS) using longitudinally polarized 
electrons at an energy of 1.515 GeV. A partial wave analysis of the data shows generally better agree- 
ment with recent phenomenological models of pion electroproduction compared to the previously 
measured n^p channel. A fit to both n^p and n'^n channels using a unitary isobar model suggests 
the unitarized Born terms provide a consistent description of the non-resonant background. The 
f-channel pion pole term is important in the vr^p channel through a rescattering correction, which 
could be model-dependent. 
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The excitation of nucleon resonances using electromag- 
netic interactions is an essential tool for understanding 
quark confinement. However, the excited states of the 
nucleon decay rapidly through emission of mesons. Thus, 
the resonance formation mechanism can involve both 
hadronic structure and reaction dynamics, intermixing 
quark and meson degrees of freedom. To understand the 
role of the meson cloud in resonance photoexcitation, a 
variety of theoretical approaches have been developed, 
e.g. chiral-quark and soliton models, chiral perturbation 
theory, dispersion relations, effective Lagrangian and dy- 
namical models, and most recently, lattice QCD. 

A new generation of high-precision photo- and electro- 
production experiments have made it possible to test the- 
oretical predictions with unprecedented accuracy. The 
most precise measurements exist for excitation ener- 
gies around the A(1232) resonance and four-momentum 
transfers < 1 GeV^. Experiments using polarized 
real photons at LEGS and Mainz P, and unpolarized 
electrons at Bates, ELSA and Jefferson Lab IS 
have measured A+ ^ p7r" decay angular distributions 
with the goal of determining the magnitude and evo- 
lution of the NA transition photocoupling amplitudes. 
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However, theoretical calculations predict a substantial 
modification of the A^A form factors due to the pres- 
ence of non-resonant Born diagrams (Fig.^. Moreover, 
these predictions are subject to considerable model de- 
pendence from the treatment of ttN rescattering in the 
final state. 
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FIG. 1: Born terms which contribute to non-resonant back- 
ground in TT electroproduction: a) channel pion pole, b) 
s— channel nucleon pole, c) channel nucleon pole, and d) 
contact term. 

To better study these non-resonant contributions, sev- 
eral recent p(e, e'p)TT^ experiments in the A(1232) region 
0, IE 0i ^1 ^1 have utilized single-spin polariza- 
tion observables to directly determine the imaginary part 
of interfering amplitudes. In this way, the non-resonant 
amplitudes, which are largely real, are greatly amplified 
by the imaginary part of the dominant A(1232) Aff^^ 
resonant multipole. Until now, beam asymmetry mea- 
surements existed only for the ir^p channel, where pion 
rescattering corrections are large and model-dependent 
^,[1^]. Predictions for the 7r+n channel show less model 
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dependence, and are dominated by the i-channel pion 
pole and contact Born terms, which are absent or weak 
in the 7r°p channel. Measurement of both charge chan- 
nels is therefore essential to test the consistency of the 
model descriptions. 

We present the first measurements of the longitudinal- 
transverse polarized structure function ctlt' obtained in 
the A(1232) resonance region using the p(e, e'7r+)n re- 
action. The data reported here span the invariant mass 
interval = 1.1 - 1.3 GeV at ^ o.40 and 0.65 GeV^, 
and cover the full angular range in the tt'^ti center-of- 
mass (cm.). These data were taken simultaneously with 
the p(e, e'pVn^ channel for which results were reported 
previously [l2l |. 

The experiment was performed at the Thomas Jef- 
ferson National Accelerator Facility (Jefferson Lab) us- 
ing a 1.515 GeV, 100% duty-cycle beam of longitudi- 
nally polarized electrons incident on a liquid-hydrogen 
target. The electron polarization was determined 
by M0ller polarimeter measurements to be 0.690 ± 
0.009(stat.)±0.013(syst.). Scattered electrons and pions 
were detected in the CLAS spectrometer Electron 
triggers were enabled through a hardware coincidence of 
the gas Cerenkov counters and the lead-scintillator elec- 
tromagnetic calorimeters. Particle identification was ac- 
complished using momentum reconstruction in the track- 
ing system and time of flight from the target to the scin- 
tillators. Software fiducial cuts were used to exclude re- 
gions of non-uniform detector response. Kinematic cor- 
rections were applied to compensate for drift chamber 
misalignments and uncertainties in the magnetic field. 
The ■K^n final state was identified using a 2cr cut on the 
missing neutron mass. Target window backgrounds were 
suppressed with cuts on the reconstructed c'tt^ target 
vertex. 

The single pion electroproduction cross section is given 
by: 



E=1,b15 Q =0.4 W=',22 



dQ^dWdni 



(1) 



where r„ is the virtual photon flux and the Jacobian 
J = di^Q"^, W)/d{E', cos 9e,4>e) relates the differential 
volume element dQ^dW of the binned data to the mea- 
sured electron kinematics dE' d cos 9ed4>e- Here d^a^ is 
the cm. differential cross section for — > nTr"*" with 
electron beam helicity (h = ±1). For an unpolarized tar- 
get d^a^ depends on the transverse e and longitudinal 
polarization of the virtual photon through flve structure 
functions: ut^'^Lt'^tt and the transverse-longitudinal 
interference terms (Jlt and tlt''- 
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(To — ut + ^L<^L + ecTTT sin 9* cos 2(/i* 

+ V2eL(l + e) TLT sin 9^ cos 0^, (2) 

where p* and 9* are the 7r+ cm. momentum and po- 
lar angle, (/)* is the azimuthal rotation of the hadronic 




FIG. 2: CLAS measurement of the beam asymmetry A^^t' 
versus 4>'^ for the p{e, e'-K~^)n reaction at Q^—QAO GeV^ and 
W = 1.22 GeV. Bin sizes were AQ^ = 0.2 GeV^ and AW = 
0.04 GeV. The curves show predictions from the MAID2000 
model described in the text. 



plane with respect to the electron scattering plane, e 



(1 + 2|q |2 tan^(0,/2)/Q2 
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the virtual photon cm. momentum, and k* is the real 
photon equivalent energy. 

Determination of aLT' was made through the asymme- 
try Alt' : 



A 



LT' 



d^a++d^a~ 

^2ei,(l - e) aLT' sin 9* sin 

CTO 



(3) 
(4) 



The asymmetry Alt' was obtained for individual bins of 
{Q^,W,cos9*,(j)'^) by dividing the measured single-spin 
beam asymmetry Am by the magnitude of the electron 
beam polarization Pg: 



Alt' 

Am. 



A 771 



(5) 
(6) 



where is the number of detected nTr"*" events for each 
electron beam helicity state, normalized to beam charge. 
Acceptance studies which varied the sizes of all kinematic 
bins showed no signiflcant helicity dependence, leaving 
Am largely free from systematic errors. Radiative cor- 
rections were applied for each bin using the program re- 
cently developed by Afanasev et al. for exclusive pion 
electroproduction [Ig. Corrections were also apphed to 



4 



compensate for cross section variations over the width 
of each bin, using the cross section model MAID2000, 
described below. An example of the measured (/>* depen- 
dence of Alt' is shown in Fig. [3 Next the Alt' distri- 
butions were multiplied by the unpolarized p{e,e''K~^)n 
cross section (Tq, using a parameterization of measure- 
ments of CTo made during the same experiment p^ . The 
structure function ctlt' was then extracted using Eq. ^ 
by fitting the (jj* distributions. Systematic errors for aLT' 
were dominated by uncertainties in determination of the 
electron beam polarization and the parameterization of 
(To- The systematic error for Am is negligible in compar- 
ison. Quadratic addition of the individual contributions 
yields a total relative systematic error of < 6% for all of 
our measured data points. 

Figure |31 shows typical cm. angular distributions for 
ffLT' at g2^0.40 GeV2 and W = 1.18 - 1.26 GeV. Our 
previous measurement for the n^p |l2l | channel (top) 
and our new measurement for the 7r+n channel (bot- 
tom) are shown compared to phenomenological mod- 
els by Sato and Lee (SL) the Dubna-Mainz- Taipei 
(DMT) group [13, and Drechsel (MAID)|20|. These 
models combine Breit-Wigner type resonant amplitudes 
with backgrounds arising from Born diagrams and t- 
channel vector-meson exchange, while different methods 
are used to satisfy unitarity. The SL and DMT models 
use a reaction theory to calculate the effect of off-shell 
TriV rescattering. MAID uses a ii'-matrix approximation, 
by incorporating the nN scattering phase shifts jUI into 
the background amplitudes and treating the rescattered 
pion as on-shell. All well-established resonances are in- 
cluded in DMT and MAID2000, whereas SL treats only 
the A(1232). 

The measured angular distributions of ctlt' for the 
TT'^n channel show a strong forward peaking for W bins 
around the A(1232), in contrast to the ir^p channel, 
which shows backward peaking. The calculations quali- 
tatively describe the peaking behavior of both the vr*' and 
TT^ channels, which arises largely from the pion pole term 
(Fig.njand SL curves on Fig.|3I), as discussed shortly. The 
largest variation between the models occurs in their pre- 
dictions for the overall magnitude of ctlt' , although the 
variation is substantially smaller for the ir'^n channel. 

A more quantitative comparison was made through fit- 
ting the extracted ctlt' angular distributions using the 
Legendre expansion: 



TLT' = D'^ + D[Pi{cosOl) + D'^P2{cosei), (7) 



where Pi (cos 0* ) is the Z*'*-order Legendre polynomial and 
D'l is the corresponding Legendre moment. For single 
pion elcctroproduction, each moment can be written as 
an expansion in magnetic (M;^±), electric {Ei^±), and 
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MAID2000 ----- SATO-LEE 

-■- - DMT SATO-LEE NO PION POLE 

FIG. 3; CLAS measurements of olt' versus cos for the vr^p 
channel 12] (top) and for the v'^n channel (bottom) extracted 
at Q^=0".40 GeV^ and W = 1.18-1.26 GeV. The curves show 
model predictions discussed in the text. The shaded bars show 
estimated systematic errors. 

scalar (Si^±) ttN multipoles [2^ : 

D'o = -/m((Mi_ - Mi+ + 3Si+)*5o+ 

+ E*+{Si--2Si+) + ...) (8) 

D[ = -6/m((Mi_ - Mi+ + 3£;i+)*S'i+ 

+ i?iV(^i_-25i+) + ...) (9) 

D'^ = -12Im{{M2-~E2-)*Si+ 

+ 2EI+S2- +...), (10) 

where the ttN angular momentum combines with 
the nucleon spin to give the total angular momentum 
J = ± i. The expansion is truncated at Itt~2, since in- 
terference terms involving the resonant multipoles Afi+, 
and 5i+ dominate near the A(1232). 

Fig. 0] shows the model predictions for the depen- 
dence of the Legendre moments a.t W = 1.22 GeV com- 
pared to our measurements at Q^=OA and 0.65 GeV^. 
In contrast to our previous result for D'q^tt^p) which 
strongly disagreed with the MAID2000 and SL predic- 
tions, our result for I?Q(7r+n) is much closer to those mod- 
els. The model variation is less pronounced, although 
the SL curve is still lower than the rest, due to the much 
smaller ^0+ multipole in this model. Good agreement 
occurs for D[{Tr^n), where there is almost no model de- 
pendence in the predictions. In contrast, D[{Tr'^p) shows 
more model dependence, with our measurement favor- 
ing MAID2000. For D'2, our results are consistent with 
the model predictions in sign and overall magnitude, al- 
though with large statistical errors. 

The published elcctroproduction database is under- 
going analysis by several groups in order to better de- 
termine the dependence of the resonant multipoles 
which contribute to Eqs. 8-10. The MAID2003 fit [H 
includes recent tt^ elcctroproduction data from Mainz, 
Bates, Bonn and JLAB, while the more comprehensive 
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SAID analysis includes all previously published 7r° 
and 7r+ data. Finally the unitary isobar model (UIM) 
of Aznauryan |2f)l | was fitted solely to the CLAS tt" and 
tt"*" electroproduction data (including the current polar- 
ization data) at = 0.4 and 0.65 GeV^. Fig. [S] shows 
these fits compared to the W dependence of the measured 
Legendre moments, D'q and D'l. 



This was also verified by turning off the pole term in the 
SL model (dotted curve in Fig. O. Note the pion pole 
can only influence the n'^p channel as a rescattering cor- 
rection [T^ via TT+n T^^P, which is introduced using 
the if- matrix method in UIM and MAID, or through an 
explicit meson-exchange potential in dynamical models. 



W=1 .22 GeV 




FIG. 4: The Q^-dependence of Legendre moments of ctlt' 
for the TT^p channel jljl (left) and n'^n channel (right). The 
curves show model predictions described in the text. The 
data points are CLAS measurements showing statistical errors 
only. 

The UIM fits show the best overall agreement with 
the tJLT' data, especially in the Tr^n channel, while 
MAID2003 still overpredicts D'^iir^p). This may be due 
to the lack of polarization data in the global MAID fit. 
However the UIM fit also overshoots D'q (tt^p) slightly be- 
low the A(1232). The SAID XF18/SM01 solution [H 
shows a somewhat different W dependence compared to 
the isobar models, which may reflect the different method 
of unitarization used in the SAID approach. 

To explore the sensitivity of this polarization observ- 
able to backgrounds, we turned off various Born terms in 
the UIM calculation. For example, in Fig.Oit is seen that 
the TT+n channel is strongly sensitive to the i-channel 
pion pole term, while Dq{'k^p) is similarly affected by the 
s— and It— channel electric and magnetic Born diagrams. 
Therefore, small adjustments to the hadronic form fac- 
tors or meson couplings for these diagrams can affect the 
fits. The <-channel pion pole diagram is surprisingly im- 
portant for D'^ (tt^p) , where it strongly affects the phases 
of the S'i+ and multipoles which are responsible 
for much of the predicted backward peaking in Fig. O 



FIG. 5: The W-dependence of a^r' Legendre moments 
D'o and D[ for n°p (left) and n+n (right) at = 
0.4 GeV^. The bold curves show isobar model fits: UIM 
(solid), MAID2003 (dashed). The solid thin curve shows the 
SAID XF18/SM01 fit. The other curves show the UIM with 
the electric (dashed), magnetic (dot-dashed), and pion pole 
(dotted) Born terms turned off. 

The generally good agreement of the UIM fits to both 
our 7r+ and 7r° data suggests that the if -matrix method 
of unitarizing the Born terms provides a consistent de- 
scription of the backgrounds in the A(1232) region. More 
polarization data is needed at lower Q^, which will al- 
low further study of the D'q^tt^p) term in a region where 
model sensitivity to pion rescattering is greatest. 
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